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42.2 ELECTRON - Solid state component 
R129 ELECTRONIC MATERIAL - Super LSI (GSI) 

PURPOSE: To eliminate the etching of a substrate and to prevent the 
charaoterietica of a seralconduotor device from being deteriorated by 
relatively increasing the etching selection ratio of a second 
semiconductor oxide film to a first anti-oxide film to form a 
semiconductor layer between a first semiconductor oxide film and the 
first anti-oxide film on the substrate. 

CONSTITUTION! A thin first semiconductor oxide film 2, a 
semiconductor layer 3, a first antl -oxide film 4 and a second 
semiconductor oxide film 5 are sequentially formed on a silicon 
substrata 1. A resist 12 is selectively formed thereon, the films 5, 
4 are selectively etched by RIE in such a manner that the film 4 is 
effectively removed slightly by ovetetching. With the film 5 as a 
mask P-type Impurity is ion implanted through the layer 3 and the 
film 2 into the substrate 1. Then, an etching remainder 9 is formed 
on a sidewall 8 by anisotropicallj' etching by Rlfi- the film 6 formed 
on its whole surface, and with the film 4 and the remainder 9 as 
masks the substrate 1 is selectively thermally etched to form a 
field S102 film 10. 
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(54) Name of Invention: Method of Fabricating Semi- 
^ ' conductor Device 

(21) Patent Application: Sho. 62 (1987) -136822 

(22) Implication Date: May 29, 1987 

(72) Inventor: Shigeki Kayama 

c/o Sony Corporation 

7 -35 Kita-Shinagawa 6-chome 

Shinagawa-ku, Tokyo [CTapan] 

(71) Applicant: Sony Corporation 

^/x; Appj^x^oi Kita-Shinagawa 6-chome 

Shinagawa-]ai, Tokyo [Japan] 
(74) Agent: Susumu Takatsuki, Patent Attorney 

Speci f ications 

1. Name of Invention: Method of Fabricating Semiconductor 

Device 

2. Scope of Patent Application: A method of fabriu<iLing a 
semiconductor device prepared by f:^™ ^„ ^ 

a process to form a first semiconductor oxxde film on a 
semiconductor subsLiate, 

a process to form a semiconductor layer on the said 
semiconductor oxide fiHa, and a process to form a first 
oxide-proof film on the said semiconductor layer. 
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R process to form a second ^emiconduotor oxide film on 
rpro?:ifto°reSovfbyieleotive stchin, the said second 

semiconductor =^|t^"^' ^^^^^^ ..iae-prooj film ove. the 
entire surface, „,^-r,ir- etching oi the said second 

pxoces. tc r^mo^e the above second semiconductor oxide 

"'""k process to selectively oxidize the above substrate 
with tL above oxide-proof f n Im as a mask. 

3. Detailed Explanation of Invention 

• 1 114.4 n-TAt-ion- This invention bears on a 
Field for Comnorcxal Utxixasation. i" 

^i^/of fabricating a semiconductor device, and can ee 
Sfectivel^tSd^ forming element-separation regxox.., for 
instance, of VLSIs, etc. 

, i. . tv,4r invention is one making it 

outline of invention. This region vdth good 

possible to *°™^^f,i?^^"^;;t^rby methods that 
""sUen^iaS ?om "lirsl sUconductor oxide tilm on a 
s;miSISu?tof 'sJ^strate, a first oxide-proof and a 

^"TemSrthf ^Srsfctnd Jeiiionductor oxide fil. and 

: : selectively oxidize the above substrata wxth the ^ove 
oxide-proof film as a mask. 

Usual Technology 

1 €r>r- fabricating semiconductor devices, 

A3 usual methods for l^J'^^^l^^l ^^^^^h. have been done, 

2r Vai^ir to raS^ic--—^ 

semiconductor devices; but -ord. .mclearl of element 
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s beaks being 



separation regions is not easy due to bird' 

1 At-i^irtram of a seraiconductor 
Figure 1 is a ----^^^^^^^Lbit^aJTng a semiconductor 
st^owing cne -^f , ^^.^'/Sfagram sowing the forxa.ng of 
device. Fig. ^ U) sucn a y f„^i„g of a sxde wall, 
a nitride fxlm. and b ^^ows rn .^^ ^.^ 2?. and silxcon 

AS shown in Frgure 2 ' , f^i^ 24, too, rn cases 

nitride film 23 (and J^^i^^'^^^t^entially on silicon sub- 
described later) f^g^lJ^iScos Jtbod procc.sirxg, 
strate 21. 1^^en, wi.th ordinary separation xs 

silicon nitride ^^i^." th Mucon nitxide film 24^ xn 

selectively removed (along wxtn s ^ ^ ^^^^^^ 

cases described process of anisotropic 

surface, one P^°??!^^ J^^^^^lde ^ shown in Fig.2(b), one 
etcKing of the Ixcon ^ ^a„ing side wail 25' on 

suppresses bird's beak ^hovs 26 aa Xey nisnber 

side area 27 of ^^eP-S^^^^^^^ 

for depr«f salon- Tran6XaiOJ:j 



for depr«f33i<^i^ 
region oxide proof 



Probleins th« invention Seeko to Reeolv* 

.3 noted above, rg^^r:::^f 2%' °oT^^^ 

separation regions ^^thod, it is possible, 

as silicon nitride with J^r^^ Figure 2b, to expose 

after CVD of the silicon ride as in gu ^^^^ ^ 
the substrate by f^hing ^he entire ^^j^^^^ive ratio with 
f^r as silicon ^^^^"^^3'^3^r?o secure . When substrate 21 
li^S^ttn^x'S^thil l\ -e |ubf rate .ay be Oa^ag.d 
and the device's traits may be degraded. 

form the element- separation r«g;ucn. 

r> since silicon dioxide film 

Again, as ='>°""^^^,^i^%',i^' ^.^^""n figur,) u^d.r the. 

arising. 
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(e.g., Si3N4) and reach the element-forming region, raising 
the problem, of the device's traits changing. So, as shown 
in Figure 2(a), consideration is even given to forming 
silicon oxide film 24 or the like on silicon nitride film 23 
to increase film thickness nn the element-separation region. 
Yet, when one tries to apply this to the usual LOCOS method, 
the selective ratio of silicon nitride film 2 3 and silicon 
dioxide film 2 4 is small in etching by RIB, and Lhe problem 
arises of poor workability from the etching due to their 
homogeneity . 

This invention was worked out with the above problems in 
mind. Its aim is to provide a method for fabricating a 
semiconductor device capable of resolving the problems 
arising from forming the element-separation region by the 
usual fabricating methods . 

Means to Resolve Probleins This invention for resolving the 
above-noted problems adopts the approach of using 

. a process to form a first semiconductor oxide film on a 
semiconductor substrate, 

. a process to form a semiconductor layer on the said 
semiconductor oxide film, and a process to form a first 
oxide -proof film on the said semiconductor layer, 

, a process to fozm a second semiconductor oxide film on 
the said oxide-proof film, 

. a process to remove by selective etching the said second 
semiconductor oxide film and above oxide-proof film^ 

. a process using the above second semiconductor oxide film 
as a mask in injecting impurities into the above semicon- 
ductor substrate, 

. a process to form a second oxide-proof film over the 
entire surface, 

. a process to do anisotropic etching of the said second 
oxide-proof film to form an etched residue on the side area, 
a process to remove the above second semiconductor oxide 
film, and 

. a process to selectively oxidize the above substrate with 
the above oxide-proof film ae a mask. 

Below, we will explain this invention' s method of fabri- 
cating a eemiconductor device, referring to fiigures l(a)*'(g) 
that illustrate this invention. 

This invention' s method of fabricating a semiconductor 
device is one that further improves on the PPL method (Poly 
Pad Locos method. Patent Release Sho. 59-196308) " that this 
same applicant has applied for, improving on the LOCOS 
method for forming an element- separation region. 
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This invention's method of fabricating the semiconductor 
device — shown in Figure 1(a) — forms a semicondnctive oxide 
film 2 (e.g., silicon dioxide) on a semiconductor substrate 
1 such as p-type silicon, forms semiconductive film 3 (e.g., 
polvsilicon) on said (ami conductive oxide film 2, forms 
oxide-proof film 4 (e.g., silicon nitride) on said 
semiconductive film 3, forms second semiconductive oxide 
film 5 (e.g., silicon dioatide) on said oxide-pioof film 4 
and selectively forms resist 12 on top of that. 

As ahown in Figure 1(b), said second semiconductive oxide 
film 5 and above first oxide-proof film 4 are selectively 
etched away, such as by RIB; and, with the above second 
semiconductive oxide film 5 as a mask, an impurity 7 (e.g., 
boron B) is in^lanted in the above semiconductor substrate 1 
by ion implantation, etc. (The impurity in the figure is 
shown by dots. 

Next, as shown in Figure 1(c) second oxide-proof film 6 
(e.g., silicon nitride) is formed on [word unclear] and, as 
shown in Figure 1(d), said second oxide-proof film 6 is 
etched anisot-.ropically, such as by RIE, to form etching 
residue 9 on sidewall area 8. As the etching of second 
oxide-proof film 6 is done at an equal rate from an etching 
direction, thie produces a thick side area of etching 
residue (also called a .side wall) . 

A3 shown in Figure 1(e)/ first oxide-proof film 6 is removed 
by a fluoric acid solution. 

As shown in Figure 1(f)/ above first oxide-proof film 4 and 
etching residue 9 are used as a mask in selectively thermo- 
oxidizing above substrate 1 to form silicon dioxide film 10 
(also called field Si02 film) on semiconductor substrate 1, 

Then, as shown in Figure Kg), first sendLconductive oxide 
film, semiconductive layer 3, first oxide-proof film 4 and 
etching residue 9 are removed by any convenient means (e.g., 
oxidizing and etching away, using fluoric acid or phosphoric 
acid solutions) to form the element-separation region. 

Also, since impurity 7 implanted in semiconductor substrate 
1 is electrically activated during oxidation and diffused 
more deeply, p'^'-type channel stopper 11 using boron ions is 
formed under silicon dioxide film 10. 

The thic)cness of first semiconductive oxide film!' 2 can at 
least restrain the generation of a bird's beak by being 
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formed deeply. For instance, it is best for it to be formed 
to some 50A depth. 

The quality of second semi conductive oxide film 5 should be 
such that, before selective onidation, its etching selective 
ratio will hold in relation to first oxide-proof film 4 so 
that it can serve as a mask for ion- implant at ion. 

Semiconductive layer 3 should be something that will serve 
as a stopper such that its selective ratio will hold during 
selective -etching removal of second seiuiconductive oxide 
film 5 and first oxide-proof film 4. For instance, it is 
desirable to use polysilicon or the like. 

Effects 

As above, because this invention forms a semiconductive 
layer between the first semiconductive oxide film on the 
semiconductor substrate and the second semiconductive oxide 
film, the selective ratio for etching can be relatively high 
in the process that selectively etches away the second 
semiconductive oxide film and first oxide-proof film. Due 
to that, etching as far as the semiconductor substrate does 
not damage the substrate. So, one can prevent degradation 
of the device's traits . 

Again, because one can use the second semiconductive oxide 
film ei3 a mask and selectively implant an impurity in the 
above semiconductor substrate, one can reliably implant the 
impurity to a prescribed value and get the device traits 
that are called for. 

Also, by foming the second oxide-proof film on the whole 
surface and doing anisotropic etching of this film to form 
etching residue on the sidewall area, one forms etching 
residue 9 (one width W) aa shown in Figure 1(d), even 
though the width W of the element-separation region shown in 
Figure 1(b) is the limit of photolithography's wave length. 
Thereby, one can hold the width of the element-separation 
region formed on the inner side to just W'x 2, so that the 
semiconductor's integration can be increased. 

Application Exaxvple 

Below, we will explain an example of applying this inven- 
tion' s method of fabricating a semiconductor device, while 
referring to Figure 1. Of course, thio illustrates just one 
example of this invention; and the invention is not limited 
to this one example. 
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o.^r.*--ional diagrams showing the 
figures l<a)~(g) «%f/^=r:™iut"? device of thl= 

fabrication process ror 
application example. 

♦-Vi" iDTolication f.Jtample, using 
AS shown in Figure ' ^"f^^"emiconductor substrate 1, 

a p-type silicon -^^^f^^i^^te surface to £orm extremely 
one thermo-o:.xdrzes the ^^^^^^^^ ^ (uer-e Si02 £il-) - 

thin 60A first --^^^f ^^"":3°ecSvLy, SOOA semiconduc- 
one then uses CVB to form, ^^^^J^^f iirst senxiconductive 
tive l^yer 3 ^^^^^^H^^^" ^^^^^fe ° ^ (here sili- 

oxide film 2 and lOO^^^fi^f ^^^^^id o^lde-pxoof fiHa 4 the 

timely remove ^aid second semi ^^^^ ^^^^^ j,^^^^ 

the above first oxxde-proof ^i-^^; _^er-etched to remove it 
oxide-proof film -^^.T'^ol sl^conductive film 5 a 

cleanly. Then, "^*^^"^f ?I^^JIty? such as boron (B) 7 by 
raask, we inject a P^^y^%^Scond?;;tor substrate 1 through 
ion-ijaplanting ^^^^^^^J^f.^gt .^fimiconductive oxide film 2. 

rcrnd^oxwe-pxoolili- ^l-, ME to form residue 9 

on side area 8. 

= <=inr.-r-ir acid solutioH to 

-i qplectively thermo-oxidizing 

shown in Figure ^ <J> ^.^^ ^^^tde-pxoof film 4 and etching 
feriUT^arr^isr^'n/^rrrifi/oS ...^^^ - on 

semiconductor svibstxate 1- 

«ext, a= shown in 1 (9) . °- -rif-acld soLtto^: . 

seiuiconaucLiTe °='^'*?^^^i" "i 4 and etching residue 9 m 

wet-etches first ox^de-procf fxlm 4 ^^^^^^^^^^^^ i„er 3 



region 



The element-sepaxation --'^^^ ^'^^^^^'.^^^^t.^ t^" 
application «^=»Pi=,"J^n,?ii^^o |Sar there is no etching 
sviperior etching selective lacio 
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damage to the substrate and stable device traits are 
obtained. Also, because the impurity is implanted reliably 
in prescribed locations on the semiconductor substrate, one 
can get the desired device traits and also increase the 
semiconductor device's int(?(jrat--i.r>n by narrowing the width of 
the element-separation layer. 

Errects of In-viention 

As noted above/ by using this invention's method of 
fabricating a semiconductor device, one gets device traits 
that are stable and as desired. Also, making the element- 
separation region quite small makes it possible to increase 
the integration of the semiconductor device. 

Siirple Ejcplanation of Figures 

rigure 1 is a cross-sectional diagram showing the fabrica- 
tion processes of tliis application example's semiconductor 
device. 

Figure 2 is a cross -sectional diagreua showing the method of 
fabricating the usual semiconductor device. Its (a) figure 
is a cross section vftien forming the silicon nitride, and its 
(b) figure is a cross section when its side wall is formed. 

1 ... Semiconductor substrate 

2 ... First semiconductive oxide film 

3 ... Semiconductor layer 

4 ... First oxide-proof film 

5 ... Second semiconductive oxide film 

6 ... Second oxide-proof film 

7 ... Impurity 

8 ... Side wall 

9 ... Etching residue 

Patent applicant; Sony Corporation 

Agent: Susumu Takatsuki, Patent attorney 

[Key numbers for Fig. 2, not listed by author] 

21 - . - silicon sT.ibsCrat<? 

22 ... Silicon dixoide film 

23 ... Silicon nitride film 

24 ... Silicon dioxide film 

25 ... Side wall 
2 6 ... Depression 
27 ... Side area 



